shear vorticity (Z). These indices were computed using SLP values obtained for the retained number of 23 grid points, and are both for the flow units as for the geostrophic vorticity expressed in hPa. As shown 24 in 1a, the research area is placed in the central position, which refers to the area of connecting with P4, 25 P8, P12, P13, P9 and P5. The SLP of 16 grids can be used to characterize the distance of between the 26 study region and high-/low-pressure system, which result in the method is available to classify the 27 weather pattern for each day and successfully applied in many areas (Lamb, 1972; Jenkinson, 1977;  Fig. 1a ; for example, 37 P1 is the SLP at the 1st grid point. 38
The weather types are defined by comparing values of FF and Z: 39
(1) Direction of flow (in degrees) is given by tan − 1 (WF/SF), 180° being added if WF is positive. The 40 appropriate wind direction is computed using an eight-point compass, allowing 45° per sector. 41
(2) If |Z| < FF, flow is essentially straight and considered to be of a pure directional type (eight 42 different possibilities according to the compass directions). 43
(3) If |Z| > 2FF, the pattern is considered to be of a pure cyclonic type if Z > 0 or of a pure anticyclonic 44 type if Z < 0. 45 (4) If FF < |Z| < 2FF, flow is considered to be of a hybrid type and is therefore characterized by both 46 direction and circulation (16 different types). 47
Thus, compared with other objective synoptic classification approaches, the advantage of 48
Lamb-Jenkinson method is that the number of synoptic types and the weather type that is present each 49 day in the specific region is robust and fixed. In addition, the method clearly gives the typical pressure 50 fields (anticyclone, cyclone, directional types and hybrid types), which can well reflect the wind fields 51 over the study region. Particularly, directional types can represent the prevailing wind direction in this 52 area under the control of the specific weather pattern. Many studies have shown that the high/low 53 concentrations of ozone are always associated with the southerly/northerly winds in North China (Han 54 et al., 2019; Li et al., 2019) . Consequently, the Lamb-Jenkinson weather type scheme is a better 55 method for exploring the O 3 pollution in North China. 56
Text S2 Segmented synoptic-regression approach 57
In an attempt to objectively define and weight the meteorological variables, Eder et al. (1994) indicated 58 that most influence the O 3 concentrations within each weather type, and they developed stepwise linear 59 regression models of the following form: 60
(1) 61
where O 3 represents the predicted MDA8 O 3 for each weather category, 0 is a constant, represents 62 the coefficients (determined by the least squares method) of the independent meteorological variables 63 , and n is the number of independent meteorological variables in the equation. A stepwise regression 64 procedure was utilized because it sequentially identifies the 'best subset' of the independent 65 meteorological variables. 66
This paper used multiple linear regression with a stepwise method for variable selection to reconstruct 67 the time series for O 3 with F probability <0.05 to enter and F probability <0.10 to exit. After excluding 68 the missing data and disordering the time sequences, 80% of these days were used to build the potential 69 forecast equations and the remaining 20% were used to validate the accuracy of the equations. 70
Tables 71 
